Abstract Trichoderma species are commercially applied as biocontrol agents against numerous plant pathogenic fungi due to their production of antifungal metabolites, competition for nutrients and space, and mycoparasitism. However, currently the identification of Trichoderma species from throughout the world based on micro-morphological descriptions is tedious and prone to error. The correct identification of Trichoderma species is important as several traits are species-specific. The Random Amplified Microsatellites (RAMS) analysis done using five primers in this study showed different degrees of the genetic similarity among 42 isolates of this genus. The genetic similarity values were found to be in the range of 12.50-85.11% based on a total of 76 bands scored in the Trichoderma isolates. Of these 76 bands, 96.05% were polymorphic, 3.95% were monomorphic and 16% were exclusive bands. Two bands (250 bp and 200 bp) produced by primer LR-5 and one band (250 bp) by primer P1A were present in all the Trichoderma isolates collected from healthy and infected oil palm plantation soils. Cluster analysis based on UPGMA of the RAMS marker data showed that T. harzianum, T. virens and T. longibrachiatum isolates were grouped into different clades and lineages. In this study we found that although T. aureoviride isolates were morphologically different when compared to T. harzianum isolates, the UPGMA cluster analysis showed that the majority isolates of T. aureoviride (seven from nine) were closely related to the isolates of T. harzianum.
Introduction
Trichoderma was firstly introduced by Persoon almost 200 years ago and consisted of anamorphic fungi isolated principally from soil and decomposing organic matter. Isolates of Trichoderma are ubiquitous in the soil, known for their rapid growth and capacity of utilizing diverse substrates, and are relatively easy to isolate and culture. They are often the predominant component of the microflora in various soils such as agricultural, prairie, forest, salt marsh, and desert soils in all climatic zones. They make a significant contribution to the decomposition of woody and Electronic supplementary material The online version of this article (doi:10.1007/s11033-011-0790-6) contains supplementary material, which is available to authorized users.
herbaceous materials and exhibit saprotrophic activities against primary wood decomposers [1] .
Most species of Trichoderma grow rapidly in artificial culture and produce large numbers of small green or white conidia from conidiogenous cells located at the ends of conidiophores. The morphological characters are reported to be variable to a certain degree in their colour, shape of conidia, conidiophore, pustules and phialade. These characteristics allow a comparatively easy means of identification of Trichoderma as a genus, but the species concept is difficult to deduce and there is considerable confusion over the application of specific names. Rifai [2] divided the genus Trichoderma into nine ''aggregate species'' on the basis of morphological characteristics. Druzhinina and Kubicek [3] revised the classification of Trichoderma and included data on some teleomorphs in Hypocrea, although most Trichoderma strains are classified as being imperfect fungi because they are not associated with sexual reproduction. They formally recognized three 'sections' namely Longibrachiatum, Trichoderma and Pachybasium B comprising of 14 clades and 88 species.
The taxonomy of Trichoderma is rather difficult and complex due to the plasticity of the characters usually used in the classical approaches. Under the current taxonomic revision, T. harzianum is placed under the section Pachybasium. When taxonomic evaluation using multiple approaches including DNA and isozyme studies were carried out by Lieckfeldt et al. [4] , some discrepancies between the morphological versus the DNA data were observed; most notably being the current placement of T. harzianum under two sections namely Pachybasium (as represented by T. harzianum A) as well as section Trichoderma (T. harzianum B). In our opinion, only morphological characters are not enough for the correct identifications of sibling species and cryptic species.
Molecular studies have revealed that classification based on morphological characters, is to a great extent, erroneous [5] . There is a lot of disagreement between T. harzianum classification based on morphological characteristics with that based on molecular data. Molecular biology techniques developed over the last decade have proven to be valuable tools to improve fungal taxonomy, and their applications led to the reclassification of several genera [6] . The random amplified microsatellites (RAMS) DNA technique involves the use of a single primer composed of a microsatellite sequence plus a short anchor sequence which is not 'arbitrary', but is designed to anneal to nucleotides that are flanking the microsatellite repeat (so, usually all sequence combinations differing from the repeat motif itself). RAMS is primarily based on PCR and is also known as inter simple sequence repeat (ISSR) or microsatellite primer PCR (MP-PCR) [7] . This molecular technique is useful for the identification of fungi at the genus and species level.
Hantula and Muller [8] used RAMS to study the genetic variations within Gremmeniella abietina, a causal pathogen of stem canker and shoot dieback in conifers, collected from Finland and other countries. They reported four banding pattern types which could be used to determine the genetic variation within G. abietina from various countries. RAMS have also been used in the characterization of Ganoderma boninense strains, the causal pathogen of basal stem rot of oil palm [9] . Simple sequence repeats markers were used to facilitate marker-assisted selection to improve Fusarium head blight resistance in the wheat breeding programs of southwest China [10] .
The RAMS technique offers a simple, quick, efficient and accurate method for intraspecies studies [11] since; (1) no prior knowledge of the target species' genomic sequences is necessary, (2) amplification of genomic DNA yield PCR products containing at least two microsatellites, (3) provide libraries, which are highly enriched for single locus microsatellite marker development (4) reduces the cost of single locus DNA microsatellite discovery (5) high levels of polymorphism can be detected even when products of RAMS amplification are resolved on agarose gels without radioactive labeling [12, 13] . In the present study, RAMS analysis was used to determine the genetic characteristics between T. harzianum and non-harzianum isolates collected from healthy and infected oil palm plantation soils.
Materials and methods

Trichoderma isolates
A total of 42 isolates of T. harzianum was used; 15 were from the stock culture collection in the Mycology Laboratory, Department of Biology, Universiti Putra Malaysia, while the remaining isolates were identified from healthy oil palm plantations soils by Siddiquee et al. [14] . The nonharzianum group isolates used consisted of nine T. aureoviride, and one T. longibrachiatum. All these isolates are listed in Table 1 . The isolates were cultured on potato dextrose agar (PDA) (Difco, USA) which was prepared thus: to 19 g of PDA was added 500 ml distilled water and sterilized at 121°C/1.05 kg/m 2 for 15 min. Stock cultures were stored on agar slopes in 20 ml universal bottles at 10 to 15°C until required.
Liquid culture of Trichoderma isolates
Isolates were obtained as mycelia in liquid culture of potato dextrose broth (PDB) (Difco, USA). Aliquots of 100 ml media were decanted into individual 250 ml Erlehnmeyer flasks with cotton wool stoppers placed over the flask mouths and then autoclaved at 121°C, 1.4 kg cm -1 for 15 min. When cooled, each flask was aseptically inoculated with seven agar disc cultures of Trichoderma, cut out from actively growing hyphal tips of Trichoderma colony using a 5 mm diameter cork borer. Once inoculated, the cotton wool stoppers were replaced with aluminum foil and sealed with parafilm during the growth phase as static cultures under room temperature conditions of 28 ± 2°C; 12 h darkness and 12 h light. The culture was harvested at day seven by firstly filtering the mycelia mass through a double layered muslin cloth followed by washing twice in sterile distilled water. The mycelia from each of the isolates were then transferred into individual plastic bags (with excess liquid squeezed out), labeled and stored overnight in a freezer at -20°C. The frozen mycelia were immediately ground the next day into a fine powder using cooled mortar and pestle which were surface sterilized by swabbing with 99% ethanol just before use. The ground mycelial powder was then placed into microcentrifuge tubes and then frozen at -20°C prior to DNA extraction.
DNA extraction method
Fungal DNA was extracted by the Phenol-Chloroform Method previously described by Raeder and Broda [15] . An amount of 50 mg of ground mycelium was added to 500 ll extraction buffer (1 M Tris HCl pH 8.5, 1 M NaCl pH 8.5, 1 M EDTA pH 8.0 and 10% sodium dodecyl sulphate) and left for 8 h at 40°C, after which 350 ll buffered phenol and 150 ll chloroform were added and then homogenously mixed for 10 min and subsequently centrifuged at 13,0009g for 10 min at 4°C. The upper aqueous layer was then collected and transferred to a sterile centrifuge tube to which was added 3 ll RNAse solution and then incubated at 40°C in a water bath for 15 min. After incubation, an equal volume of chloroform was added to the sample with gentle mixing for 10 min. Then the mixture was centrifuged for a second time (at 13,0009g/10 min/ 4°C) and the upper aqueous phase was again collected and transferred into a new tube. The DNA was precipitated with 250 ll iso-propan-2-ol and kept overnight at -20°C. The tube was centrifuged the next day (13,0009g/10 min/ 4°C), and the pellet was thoroughly washed twice with 500 ll of 70% ethanol, vacuum-dried and diluted in ddH 2 O. Finally, the DNA pellets were then suspended in 50 ll ddH 2 O and kept at -20°C until its use in the next step.
Selection of RAMS primers
A total of 20 universal RAMS primers from three groups, namely the BP, PA and LR, respectively, were purchased from Operation Technologies Inc. (Biobasic Canada via sales agencies). Five out of the 20 primers screened gave reproducible and consistent banding patterns, namely, BP-11, BP-12, LR-5, LR-6 and P1A (Supplementary data 1) . The isolates were tested thrice with each of the selected primers to confirm reproducibility of the bands produced. Only clear and reproducible bands were used for the subsequent RAMS analysis.
RAMS-polymerase chain reaction (PCR)
The RAMS amplification conditions used were based on those described by Latiffah et al. [9] with some modifications made to the annealing temperatures. The reactions were performed in 20 ll volumes containing 109 reaction buffer, 100 mM MgCl 2 , 10 mM dNTPs, 5,000 units/ml Taq polymerases, 0.5 lM primers and 50 ng templates. The PCR amplification reactions were performed in a DYAD Peltier Ò PCR Thermocycler (Model: PTC-200, USA) with the following program: an initial denaturation at 96°C for 2 min, followed by 40 cycles of 30 s at 94°C, an annealing temperature at 34°C for 30 s and extension at 72°C for 30 s with a final extension at 72°C for 5 min. The PCR products were stored at 4°C.
Gel electrophoresis
The PCR products were visualized in an electrophoresis run performed on 1.5% agarose horizontal minigels with 50 bp (Promega Ò , USA) ladder as molecular marker. The electrophoresis was performed in 19 TBE running buffer (0.045 M Tris-borate and 1 mM EDTA, pH 8.2) at 70 V for 1-2 h. The gels were then stained with ethidium bromide (0.5 ll/ml). After 15 to 30 min the gels were (IMI:375370), T68, T71, T72, T79, T80,  T98, T100, T101, T102, T121, T124 visualized under UV-light and photographed using an Alphamager Ò 2200 version 5.5 apparatus.
Scoring and genetic distance analysis
The banding profiles of all isolates were obtained using the five selected primers scored on the basis of the presence ('1') or absence ('0') of bands at a particular molecular weight using the AlphaEaseFC version 4.0 software (http:// www.alphainnotech.com/ShowContent.aspx/id). RAPDistance 104 (Exeter Software, Setauket, NY; http://www.anu. edu.au/BoZo/software/index.html) software was used to calculate the genetic distances between pairs of all isolates. Data from the genetic distance values were used as inputs in order to generate a dendrogram using the unweighted pair-group method with arithmetic averaging (UPGMA) as implemented by the Numerical Taxonomy and Multivariate Analysis System (NTSYS-pc) software package version 1.80 [16] .
Results
Random amplified microsatellites (RAMS)
The sizes of the amplified nucleotides obtained with the five selected RAMS primers ranged from 50 bp to 1031 bp. The five primers produced total of 76 bands for the 42 Trichoderma isolates, of which 73 (96%) were polymorphic, 3 (3.95%) were monomorphic and 12 (16%) were exclusive bands ( Table 2) . Three common bands (monomorphic) were produced by all of the isolates. These consisted of two bands at 250 bp and 200 bp produced by primer LR-5 and a single band at 250 bp produced by primer P1A.
Primer P1A
Primer P1A produced 1-13 bands with molecular weights ranging from 1031 to 200 bp with one common band (250 bp) expressed by all the tested isolates (e.g., Fig. 1 ). Variations in banding patterns were observed among the putative T. harzianum (T60, T66, T71, T72, T79, T80, T98, T100, T101 and T102), T. aureoviride (T29, T45, T49, T58, T67, T106 and T126) and T. longibrachiatum (T28) isolates.
Primer LR-5
This primer produced 1-16 bands with molecular sizes ranging from 150 to 950 bp. Band numbers 11 (MW 250 bp) and 12 (MW 200 bp) were the common bands among the 42 isolates. Variations were observed between the nine isolates of T. aureoviride (T29, T45, T49, T55,  T58, T67, T86, T106, T126) , one isolate of T. longibrachiatum (T28) and one isolate of T. harzianum (FA31) as shown in Fig. 2 . Eleven isolates of T. harzianum (T60,  T72, T79, T80, T71, T98, T100, T101, T102, T121 and  T124) with dissimilarities in banding patterns were observed, whereas, 17 of the T. harzianum isolates showed no difference in their banding patterns (Figure not shown). Primer LR-6
It produced 1-16 bands with molecular weights between 100 and 900 bp. Variations were observed among T. aureoviride and T. longibrachiatum isolates (e.g., Fig. 3 ). Variations existed among the putative isolates of the FA series.
Primer BP-11
Primer BP-11 produced variations in banding patterns within and between Trichoderma isolates from Negeri Sembilan and from Sedenak, with bands 1-16 of molecular weights from 150 to 900 bp being produced (Supplementary Fig. 1 ). Variations within the putative isolates of T. aureoviride were observed. Dissimilarities in banding patterns were showed for T. harzianum (T series) as well as among isolates from the FA series.
Primer BP-12
The primer amplified 1-15 bands with molecular weights of between 50 and 650 bp. Variations existed within and between the putative T. aureoviride, T. longibrachiatum and T. harzianum isolates from the 'FA' and 'T' series ( Supplementary Fig. 2) .
Distance values and cluster analysis based on RAMS data
Distance values were generated by using the RAPDistance software version 1.04 from 76 bands. After that the distance values were converted to similarity values (similarity value = 1 -distance value). The highest similarity value of 0.8511 (85.11%) occurred between T. aureoviride isolates T106 and T86; while the lowest value of 0.1250 (12.50%) was observed among the T. harzianum isolates from FA17 and FA7. All the isolates analysed fell into two major clusters which were labelled as I and II (Fig. 4) . Major cluster II consisted of only one specimen (T28) of T. longibrachiatum, which could be considered as an outgroup sample. Major cluster I was larger and was split into the two subclusters, namely IA and IB. Subcluster IB consisted of three isolates which were initially morphologically identified as T. harzianum (FA35) and T. aureoviride (T49 and T67). Thus, the putative T. harzianum and T. aureoviride were misidentified. Subcluster IA consisted of 38 isolates, which were divided into two groups, GIA 0 and GIA 00 . Group GIA 0 consisted of 18 isolates, which comprised of 11 from the putative T. harzianum and 7 out of 9 isolates from T. aureoviride. Group GIA 00 consisted of another 20 isolates of T. harzianum with the highest similarity value being 81.48%. A summary of the distribution of the Trichoderma isolates based on the UP-GMA cluster analysis is shown in Table 3 .
Discussion
Many Trichoderma strains have biotechnological potential and are protected under patents, due to their ability to perform as biological control agents against soil-borne plant pathogens. Despite significant advances in our knowledge of Fig. 2 RAMS banding the genus in recent years, the taxonomy of Trichoderma is still incomplete and the distinction of species in this genus remains problematic. The more extensive and complex the involvement of Trichoderma in biocontrol, the more useful and necessary is their accurate classification. Since, morphological identification is rather difficult and requires profound knowledge and experience, it is prone to mistakes due to the frequent homoplasy of phenetic characters. Molecular data provide a more precise information of the genetic variability of individuals than do phenotypic characters. Twenty primers (BP, LR and P1A) were screened for the production of lucid polymorphic and scoreable banding profiles. Five primers (BP11, BP12, LR-5, LR-6 and P1A) were selected for use in our RAMS analysis. The efficiency of the RAMS approach depends on the abundance and type of simple sequence repeats (SSRs) or microsatellites in the target species. The primers used in these studies were 5 0 and 3 0 anchored repeat primers which generate inter simple sequence repeats (ISSRs) or RAMS marker. The five universal primers generated 76 maker bands in the range of 50-1032 bp in size and showed variations in banding patterns among all the isolates resulting in 96% of polymorphic markers, with an average of 19.2 markers per primer. In similar studies Awasthi et al. [17] reported that ISSR analysis using four random primers generated 93% of polymorphic markers with an average of 23.25 markers per primer in IA   T121  FA30   FA36   FA17   FA2   FA44   FA8  FA15   T68   T29  T45   T86   T58   T126  FA26   FA4   T125  FA29   FA31   T80  T79   T101   T124  T98   T100   T102   T32   T60  FA40   T66   T71   FA38   FA34   T72 Fig. 4 Dendrogram from UPGMA analysis using the NTSYS-pc software based on genetic distance values for Trichoderma isolates mulberry. In contrast, recently Awan et al. [18] who used RAPD markers only reported 42.9% polymorphism in the amplification products of seven primers in the Aspergillus niger strains which they studied. Hence, the RAMS molecular technique which we used is very useful for investigations of fungi at both the inter-and intra-specific levels.
In this study, the RAMS techniques produced three common bands (250 and 200 bp by LR-5, 250 bp by P1A) among all the isolates. These common bands have the potential to be developed as a diagnostic tool for the detection of Trichoderma species. Sequence characterized amplified region markers have been developed for the identification and detection of the genus Trichoderma such as Trichoderma asperellum [19] and Trichoderma viride [20] . Many microsatellites consist of a variable number of repeats in different individuals. This polymorphism is detected as length polymorphism of a PCR product generated with oligonucleotide primers designed based on the conserved flanking regions.
The dendrogram based on the UPGMA analysis consisted of two major clusters. Major cluster II contained only one specimen (T28), previously identified as T. longibrachiatum, thus confirming its putative identity. Group GIA 0 consisted of 20 isolates previously identified as T. harzianum (13) and T. aureoviride (7). The genetic similarity value of 85.11% suggested that they are very closely related to the T. harzianum group of isolates. Thus, the putative T. aureoviride (7) isolates were misidentified and were instead of T. harzianum.
Group GIA 00 consisted of three isolates (FA35, T49 and T67). Isolate FA35 was initially identified as T. harzianum and T49 & T67 as T. aureoviride. Thus, the putative T. harzianum and T. aureoviride isolates were misidentified, because the three isolates were found to be different from rest of the genotypes. The results showed that the three isolates could be a different species from the other isolates. Group GIIB 00 consisted of the 37 isolates previously identified as T. harzianum (30) and T. aureoviride (7) which showed high genetic similarity value of 85.11%. The cluster representing T. aureoviride (7) is morphologically very closely related to T. harzianum, except isolate FA35, which was previously morphologically identified as T. harzianum, although UPGMA analysis showed it in a different cluster. Our RAMS-UPGMA analysis results strongly supported similar results found based on the gene sequencing analysis of the internal transcribed spacer-1 region of the rDNA previously described by Siddiquee et al. [14] . Gams and Bisset [21] mentioned that T. harzianum and T. aureoviride differ only in their spore's morphologies, which are very difficult characteristics to observe and are prone to errors when used for species classifications. Shalini et al. [22] also reported that T. aureoviride is morphologically very similar as T. harzianum strains.
In conclusion, the results of the present study revealed that the PCR based fingerprinting technique, RAMS, is informative to asses the amount of genetic variability present as well as to elucidate the genetic relationships among isolates of different Trichoderma species. Ample polymorphism levels were found when using the primer sets we tested which enabled the establishment of informative fingerprints for the isolates we analyzed. The molecular data based results which we obtained did not support the morphology based identification of the fungi at the species level. Trichoderma: FA2, FA44, FA8, FA15, T68, T29, T45, T55,  T86, TT106, T58, T126, FA26, FA4, FA7, T125, FA29 and FA36 Group GIA 00 n = 20
Isolates of Trichoderma: FA17, FA31, T80, T79, T101, T124, T98, T100,  T102, T32, T60, FA40, T66, T71, T121, FA30, 
